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(57) ABSTRACT 

The present invention provides for a system comprising a 
peripheral component interface (PCI) host bridge. The PCI 
host bridge is configured to be coupled to a PCI bus, and to 
receive a system reset signal, to generate a PCI bus reset 
signal based on the received system reset signal, to detect a 
PCI operational mode of the PCI bus, and to generate a 
voltage indicator signal based on the detected PCI operational 
mode. A voltage regulator is coupled to the PCI host bridge 
and configured to receive the Voltage indicator signal and to 
regulate a signaling Voltage for the PCI bus based on the 
Voltage indicator signal. 

8 Claims, 4 Drawing Sheets 

WIOrGUATOR - "Et y 
HOST SYSTEM PCIHOST BRIDGE 220 

21 WO 
INDICATOR 9 250 

PCCLOCK H PC deVICE 230 

212 SYSTEM SYSTEM 240 COMMANDS coMMANDs 3 252 
PC is 

214 systM SYSEW PC 
s --- 242 - BUS RST RST 254 

- PCRESET - H PCIDWIC 23) 
224 

21 SYSTEM SYSTEM 244 28 F. POWER POWER COMMANS 

218 systEM SYSTER 258 - PCDEVICE 230 
CLOCK C6CK pcpcap H 

  



U.S. Patent Jan. 10, 2012 Sheet 1 of 4 US 8,095,720 B2 

FIG. I. 
12 10 

CPU - 

14 14 

SYSTEM SYSTEM 
MEMORY MEMORY 

HOST BRIDGE 

20 

22 
30 

22 
PC BRIDGE PC PC 

DEVICE DEVICE 

32 

22 22 22 

PC PC PC 
DEVICE DEVICE DEVICE 





US 8,095,720 B2 

9. "ADIAI 

U.S. Patent 



U.S. Patent Jan. 10, 2012 Sheet 4 of 4 US 8,095,720 B2 

FIG. 4 
4 O O 

405 POR ASSERTED 

455 PC CLOCK STABLE 

410 PC BUS RESET 
ASSERTED 

460 DETECT PCI CLOCK 
FREQUENCY 

418 INITIALIZE HOST BRIDGE 

465 | LOCKPLLS TO PCI CLOCK 
FREO. s 42 SAMPLE PCIXCAPPIN(S) 

470 VIO STABLE 

425 REFERENCE CLOCK 
STABLE 

475 GENERATE PC BUS 
INITIALIZATION PATTERN 

48QSYSTEMPOWER STABLE 

480 PCADD-IN CARDS 
INITIALZED 

438 PCIXCAP SIGNALS STABLE 

485 PORDEASSERTED 
DETECT CAPABILITIES OF 

440 ADD-IN CARDS 

490 PC BUS RESET 
VIO INDICATOR IN DEASSERTED 

445 CORRECT STATE 

OUTPUT VIO INDICATOR 
'QTovo TAGE REGULATOR 



US 8,095,720 B2 
1. 

VOLTAGE INDICATOR SIGNAL 
GENERATION SYSTEMAND METHOD 

TECHNICAL FIELD 

The present invention relates generally to the field of com 
puter devices and, more particularly, to a system and method 
for Voltage indicator signal generation. 

BACKGROUND 

Modern computer architecture often employs a peripheral 
component interface (PCI) bus to connect peripheral compo 
nents to a central or host system. As PCI technology evolved, 
various standards were developed in order to provide com 
patibility continuity of PCI devices and architecture across a 
broad range of manufacturers and innovative devices. One 
recently developed standard is the PCI-X 2.0. 
One aspect of PCI-X 2.0 is that it is backwards compatible, 

that is, PCI-X 1.0 compliant systems can operate or be con 
figured to operate on a PCI-X 2.0 compliant system. Another 
aspect of the PCI-X 2.0 standard is support for both 1.5V and 
3.3 V category-1 signaling. Generally, category-1 signals are 
a subset of PCI-X bus signals, as defined by the standard. 
Thus, a PCI-X 2.0 compliant host system detects the capa 
bilities of all the plugged add-in cards in the system. In typical 
systems, this is achieved by sampling the PCIXCAP pin, a 
dedicated pin configured to identify the PCI-X mode of 
operation for a particular plugged add-in card. In particular, a 
PCI-X 2.0 compliant host system samples the PCIXCAP pin, 
determines the mode of operation, and provides the appropri 
ate Voltage level for the category-1 signals and other signals, 
according to the mode of operation. 

In typical PCI systems, the mode of operation is often 
determined at a system reset or power-on reset (POR) time. 
That is, the PCI-X mode of operation is determined when the 
system is reset or first powered up. Typical system reset or 
POR operations often involve additional steps or operations 
beyond detecting the PCI-X mode of operation. For example, 
in response to a system reset or POR operation, a PCI-X 
system will typically initiate a PCI reset sequence that 
includes determining the PCI clock frequency, locking the 
phase locked loops (PLLs) to the PCI clock frequency, and 
generating an initialization pattern for the plugged add-in 
cards. 

In many designs, the PCI initialization sequence begins 
after the POR signal is de-asserted. However, this requires the 
PCI reset to extend beyond the system POR, based on a 
variety of stabilization lag times and other delays. Moreover, 
Some PCI-X compliant systems employ an external Voltage 
regulator to modulate or otherwise maintain a consistent 
modesignal Voltage, within a variation range as defined in the 
standard. Thus, the amount of time the PCI reset is extended 
can depend, in part, on the amount of time it takes for the 
external Voltage regulator outputs to stabilize. As external 
Voltage regulator output stabilization times can vary between 
differing types of Voltage regulators, estimating a consistent 
stabilization time can be difficult and complex. Moreover, 
employing an estimated Stabilization time based on the slow 
est voltage regulators can result in an extended PCI reset that 
is problematically long for some applications. 

Therefore, there is a need for a system and/or method for 
Voltage indicator signal generation that addresses at least 
Some of the problems and disadvantages associated with con 
ventional systems and methods. 

SUMMARY 

The present invention provides for a system comprising a 
peripheral component interface (PCI) host bridge. The PCI 
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host bridge is configured to be coupled to a PCI bus, and to 
receive a system reset signal, to generate a PCI bus reset 
signal based on the received system reset signal, to detect a 
PCI operational mode of the PCI bus, and to generate a 
voltage indicator signal based on the detected PCI operational 
mode. A voltage regulator is coupled to the PCI host bridge 
and configured to receive the Voltage indicator signal and to 
regulate a signaling Voltage for the PCI bus based on the 
Voltage indicator signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accom 
panying drawings, in which: 

FIG. 1 is a block diagram depicting a computer system; 
FIG. 2 is a block diagram depicting a Voltage indicator 

signal generation system; 
FIG. 3 is a block diagram depicting a Voltage indicator 

signal generation system; and 
FIG. 4 is a flow diagram depicting a Voltage indicator 

signal generation method. 

DETAILED DESCRIPTION 

In the following discussion, numerous specific details are 
set forth to provide a thorough understanding of the present 
invention. However, those skilled in the art will appreciate 
that the present invention may be practiced without Such 
specific details. In other instances, well-known elements have 
been illustrated in schematic or block diagram form in order 
not to obscure the present invention in unnecessary detail. 
Additionally, for the most part, details concerning network 
communications, electro-magnetic signaling techniques, 
user interface or input/output techniques, and the like, have 
been omitted inasmuch as Such details are not considered 
necessary to obtain a complete understanding of the present 
invention, and are considered to be within the understanding 
of persons of ordinary skill in the relevant art. 

It is further noted that, unless indicated otherwise, all func 
tions described herein may be performed in either hardware 
or software, or in some combinations thereof. In a preferred 
embodiment, however, the functions are performed by a pro 
cessor Such as a computer or an electronic data processor in 
accordance with code such as computer program code, Soft 
ware, and/or integrated circuits that are coded to perform Such 
functions, unless indicated otherwise. 

Referring to FIG. 1 of the drawings, the reference numeral 
10 generally designates a computer system. Computer system 
10 includes central processing unit (CPU) 12, system 
memory 14, host bridge 16, and peripheral component inter 
face (PCI) bus 20. CPU 12 is a circuit or circuit or other 
Suitable logic, and is configured as a processor for a computer 
device. CPU 12 is coupled to one or more system memories 
14. 

System memory 14 is a circuit or circuits or other logic 
Suitable to be configured to store and load data in a computer 
system. In one embodiment, system memory 14 is a random 
access memory (RAM). In a particular embodiment, system 
memory 14 is a dynamic random access memory (DRAM). It 
will be understood to one skilled in the art that other suitable 
memory devices can also be employed. Such as, for example, 
static RAM (SRAM), synchronous DRAM (SDRAM), or 
other suitable memory devices. In the illustrated embodi 
ment, computer system 10 is depicted with two system 
memories 14. It will be understood to one skilled in theart that 
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computer system 10 can include one system memory 14, 
more than two system memories 14, or be otherwise suitably 
configured. 

Computer system 10 includes host bridge 16. Host bridge 
16 is coupled to CPU 12 and to one or more system memories 
14. Host bridge 16 is a circuit or circuits or other suitable logic 
and is configured as a bridge between CPU 12 and PCI bus 20, 
as well as PCI bus 20 and one or more of system memories 14. 
In one embodiment, host bridge 16 is configured as a PCI-X 
compliant host bridge, and can be configured as a North 
Bridge. It will be understood to one skilled in the art that other 
configurations can also be employed. Host bridge 16 is 
coupled to PCI bus 20. PCI bus is a circuit or circuits or other 
Suitable logic, and is configured as a PCI-compliant bus, and 
is well known to those skilled in the art. 
Computer system 10 also includes one or one or more PCI 

bridges 30, and one or more of a plurality of PCI devices 22. 
PCI devices 22 are PCI-compliant devices, suitable to be 
configured to be coupled to PCI bus 20. PCI bridge 30 is 
coupled to PCI bus 20. PCI bridge 30 is a circuit or circuits or 
other Suitable logic, and is configured as a PCI-compliant host 
system bridge. In an alternate embodiment, PCI bridge 30 is 
a PCI device 22 that is configured to operate as a PCI-com 
pliant host system bridge. 

PCI bridge 30 is coupled to a PCI local bus 32. In the 
illustrated embodiment, one or more PCI devices 22 are 
coupled directly to PCI bus 20, and one or more PCI devices 
22 are coupled directly to PCI local bus 32, and to PCI bus 20 
through PCI bridge 30. It will be understood to one skilled in 
the art that other configurations can also be employed. 

Generally, in operation, system memory 14 stores data, and 
the data stored in system memory 14 is accessed by CPU 12 
and/or one or more PCI devices 22. Generally, a variety of 
control signals, data signals, and various other signals can be 
employed to coordinate and manage system functions/or 
access to system memory 14 by one or more components of 
computer system 10. In the illustrated embodiment, access to 
system memory 14 by those PCI devices 22 coupled directly 
to PCI bus 20 is managed, arbitrated, or otherwise controlled 
by host bridge 16. Additionally, access to PCI bus 20 by those 
PCI devices 22 coupled directly to PCI local bus 32 is man 
aged, arbitrated, or otherwise controlled by PCI bridge 30. 

In the illustrated embodiment, host bridge 16 is configured 
to provide and/or control control signals for devices coupled 
directly to PCI bus 20. Additionally, PCI bridge 30 is config 
ured to provide similar signals to devices coupled to PCI local 
bus 32. It will be understood to on skilled in the art, that other 
configurations can also be employed. In one embodiment, 
host bridge 16 is configured to generate a system clock, a 
system Supply Voltage, and a system power-on reset (POR) 
signal. In one embodiment, system-wide signals can be gen 
erated, or otherwise provided to system components, by host 
bridge 16. In an alternate embodiment, system signals can be 
provided by CPU 12 and/or one or more other system devices 
(not shown). 

Referring now to FIG. 2 of the drawings, the reference 
numeral 200 generally designates a PCI system. PCI system 
200 includes a host system 210, a PCI host bridge 220, a PCI 
bus 224, and one or more PCI devices 230. Host system 210 
is coupled to PCI host bridge 220 and PCI bus 224. Host 
system 220 is a computer system, or other Suitable system, 
configured to Supporta PCI-compliant Subsystem. In particu 
lar, host system 220 is configured to generate, or otherwise 
provide, System commands, system reset signals, system 
power, and system clock signals. 

In the illustrated embodiment, host system 210 includes 
system commands module 212, System reset module 214. 
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4 
system power module 216, and system clock module 218. 
System commands module 212 is a circuit or circuits or other 
Suitable logic, and is configured to generate, or otherwise 
provide, system commands for PCI system 200. It will be 
understood to one skilled in the art that system commands can 
be any of a variety of commands to PCI system 200. System 
reset module 214 is a circuit or circuits or other suitable logic, 
and is configured to generate a system reset signal. In a 
particular embodiment, a system reset signal includes a 
power-on reset (POR) signal. It will be understood to one 
skilled in the art that the system reset signal or POR signal can 
be configured in a variety of configurations well known to one 
skilled in the art. 

System power module 216 is a circuit or circuits or other 
Suitable logic, and is configured to generate, or otherwise 
provide, power to one or more of the various components of 
PCI system 200. It will be understood to one skilled in the art 
that system power can be configured independent of an input/ 
output Voltage employed for one or more signaling or other 
signals in PCI system 200. System clock module 218 is a 
circuit or circuits or other suitable logic, and is configured to 
generate, or otherwise provide, a system clock signal. As 
described in more detail below, the system clock signal can be 
employed by the PCI host bridge 220, and one or more PCI 
devices 230, in addition to a PCI clock signal. It will be 
understood to one skilled in the art that other configurations 
can also be employed. In the illustrated embodiment, host 
system 210 provides system command signals, system reset 
signals, system power, and system clock signals to PCI host 
bridge 220, and system power and system clock signals to PCI 
bus 224. It will be understood to one skilled in the art that 
other configurations can also be employed. 

Additionally, details described herein with respect to one 
or more embodiments are generally configured to be compli 
ant with any relevant PCI specifications and/or technical 
addenda. It will be understood to one skilled in the art, that 
numerous variations and/or modifications can be employed 
that are nevertheless compliant with the relevant PCI speci 
fication and/or technical addenda. 
PCI host bridge 220 is coupled to host system 210 and, 

generally, is configured to receive various system commands 
from host system 210, to generate various PCI bus control, or 
other commands, and to generally operate as a PCI bus mas 
ter. In a particular embodiment, PCI host bridge 220 includes 
system commands module 240, system reset module 242, 
system power module 244, and system clock module 246. 
System command module 240 is a circuit or circuits or other 
Suitable logic, and is configured to receive system commands 
from host system 210. System reset module 242 is a circuit or 
circuits or other suitable logic, and is configured to receive 
system reset signals from host system 210. 

System power module 244 is a circuit or circuits or other 
Suitable logic, and is configured to receive system power from 
host system 210. System power module 244 can be further 
configured to manipulate, convert, rectify, or otherwise Suit 
ably modify system power received from host system 210 for 
further transmission through the PCI bus 224. It will be under 
stood to one skilled in the art that other configurations can 
also be employed. System clock module 246 is a circuit or 
circuits or other Suitable logic, and is configured to receive a 
system clock signal or signals from host system 210. Thus, 
generally, in operation, PCI host bridge 220 is configured to 
receive various system commands, system reset signals, sys 
tempower, and system clock signals from host system 210, 
and to perform standard tasks and/or operations based on the 
signals, commands, and power received, as will be under 
stood to one skilled in the art. 
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PCI host bridge 220 also includes PCI clock module 250, 
PCI input/output (I/O) module 252, PCI reset module 254, 
PCI commands module 256, and PCIXCAP module 258. PCI 
clock module 250 is a circuit or circuits or other suitable logic, 
and is configured to generate a PCI clock signal, and to 
transmit or otherwise provide the PCI clock signal to one or 
more PCI devices 230 coupled to PCI bus 224. In one embodi 
ment, PCI clock module 250 is configured to generate a PCI 
clock signal based on a system clock signal received by sys 
tem clock module 246. It will be understood to one skilled in 
the art that other configurations can also be employed. PCI 
I/O module 252 is a circuit or circuits or other suitable logic, 
and is configured to transmit and receive data and/or other 
information to and/or from PCI bus 224 and/or one or more 
PCI devices 230 coupled to PCI bus 224. It will be understood 
to one skilled in the art that other configurations can also be 
employed. 

PCI reset module 254 is a circuit or circuits or other suit 
able logic, and is configured to generate a PCI bus reset 
signal, and to transmit, or otherwise provide, the PCI bus reset 
signal to PCI bus 224 and/or one or more PCI devices 230 
coupled to PCI bus 224. In one embodiment, the PCI reset 
signal is a binary digital signal, in which a logic high state 
indicates that PCI bus 224, and devices coupled to PCI bus 
224, are in a reset state, and a logic low state indicates that PCI 
bus 224, and devices coupled to PCI bus 224 are in an opera 
tional, functional, or otherwise normal operating state. It will 
be understood to one skilled in the art that other configura 
tions can also be employed. 

PCI commands module 256 is a circuit or circuits or other 
Suitable logic, and is configured to generate PCI commands, 
and to transmit, or otherwise provide, PCI commands to PCI 
bus 224 and/or one or more PCI devices 230 coupled to PCI 
bus 224. Generally, PCI commands include POR or other 
memory initialization commands and ordinary operational 
commands. It will be understood to one skilled in the art that 
other PCI commands can also be employed, such as, for 
example, PCI bus arbitration or other access management 
commands or other Suitable commands. 
PCIXCAP module 258 is a circuit or circuits or other 

suitable logic, and is configured to identify a PCIXCAP 
mode, or capacity, or other configuration signal, as indicated 
by one or more PCI devices 230. Generally, in one embodi 
ment, each PCI device 230 includes a PCIXCAP pin, which 
can be configured to identify an operational mode of the 
particular PCI device. For example, in one embodiment, each 
PCI device 230 includes a PCIXCAP pin that is configured to 
identify whether the PCI device 230 is configured to operate 
in PCI-X Mode-1 or PCI-X Mode-2. It will be understood to 
one skilled in the art that other configurations can also be 
employed. 

PCI host bridge 220 includes Vio indicator module 260. 
Vio indicator module 260 is a circuit or circuits or other 
Suitable logic, and is configured generate a Voltage indicator 
signal, and to transmit the Voltage indicator signal to an exter 
nal Voltage regulator. In a particular embodiment, PCI host 
bridge 220 is coupled to Vio regulator module 228, and Vio 
indicator module 260 is configured to generate a Voltage 
indicator signal and to transmit the Voltage indicator signal to 
Vio regulator module 228. In a particular embodiment, Vio 
indicator module 260 is configured to generate a Voltage 
indicator signal based on a determined PCI operational mode 
as detected by PCIXCAP module 258. Additionally, in a 
particular embodiment, Vio indicator module 260 is config 
ured to generate a Voltage indicator signal that indicates 
whether the Vio regulator module 228 is to provide a 3.3V 
(volt) regulated voltage or 1.5V regulated voltage for input/ 
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6 
output signals on PCI bus 224, as described in more detail 
below. It will be understood to one skilled in the art that other 
configurations can also be employed. 

In the illustrated embodiment, PCI system 200 also 
includes Vio regulator module 228. Vio regulator module 228 
is coupled to PCI host bridge 220 and PCI bus 224, and is a 
circuit or circuits or other Suitable logic. In a particular 
embodiment, Vio regulator module 228 is configured to 
receive a voltage indicator signal from PCI host bridge 220, 
and to provide, generate, or otherwise monitor and control a 
Voltage associated with input/output signaling for devices 
coupled to PCI bus 224. It will be understood to one skilled in 
the art that other configurations can also be employed. 
PCI system 200 also includes one or more PCI devices 230. 

PCI devices 230 are any devices suitable to be coupled to a 
PCI bus. It will be understood to one skilled in the art that 
other configurations or Suitable devices can also be 
employed. 

Generally, in operation, host system 210 indicates a system 
reset to PCI host bridge 220, typically through a system reset 
signal. As described in more detail below, PCI host bridge 220 
receives the system reset signal, and places the PCI bus 224 in 
a reset mode of operation. In particular, PCI reset module 254 
indicates to PCI bus 224 that the PCI devices coupled to PCI 
bus 224 are to enter into a reset mode of operation. During a 
PCI reset mode of operation, PCI host bridge 220 detects the 
capabilities of the PCI devices 230 that are coupled to PCI bus 
224. In a particular embodiment, PCIXCAP module 258 
samples the output of the PCIXCAP pins for each PCI device 
230. Additionally, PCI host bridge 220 determines a PCI 
clock frequency of operation, and locks one or more phase 
locked loops (PLLs), or other clock-generation components 
(not shown) to the determined PCI clock frequency. In a 
particular embodiment, PCI clock module 250 includes 
PLLs, which are locked into a desired PCI clock frequency, 
the detected PCI clock frequency of operation, during PCI bus 
reset. 

Additionally, PCI host bridge 220 generates an initializa 
tion pattern for each PC device 230 coupled to PCI bus 224. 
In a particular embodiment, PCI commands module 256 is 
configured to generate PCI bus reset initialization commands, 
patterns, and/or other instructions, and to transmit or other 
wise send generated commands to PCI devices 230. It will be 
understood to one skilled in the art that other configurations 
can also be employed. 

Additionally, as described in more detail below, PCI host 
bridge 220 determines the PCI-X mode of operation, and 
generates a Voltage indicator signal to be transmitted, or oth 
erwise indicated to, an external Voltage regulator. In a par 
ticular embodiment, PCI hostbridge 220 determines a PCI-X 
mode of operation, and Vio indicator module 260 generates a 
voltage indicator signal based on the determined PCI-X mode 
of operation. The Voltage indicator signal is transmitted or 
otherwise sent to Vio regulator module 228, which is config 
ured to modulate, provide, regulate, or otherwise maintain an 
input/output signaling voltage for PCI bus 224. It will be 
understood to one skilled in the art that other configurations 
can also be employed. 

Referring now to FIG. 3 of the drawings, the reference 
numeral 300 generally designates a Vio circuit. Vio circuit 
300 includes comparator 305. Comparator 305 is a circuit or 
circuits or other Suitable logic, and is configured to compare 
one or more Voltages of a range of Voltage levels, and to 
generate a Voltage indicator signal based on the result of the 
comparison. In a particular embodiment, comparator 305 is a 
five-level voltage comparator as defined in the PCI-X 2.0 
Electrical and Mechanical Addendum, Appendix A, Section 
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A.2 (Five Level Comparator, Mode 2). In a particular embodi 
ment, comparator 305 is an analog comparator and is config 
ured to sample the PCIXCAP pins of one or more PCI devices 
coupled to the system in which Vio circuit 300 is employed. In 
particular, comparator 305 is coupled to a communication 
link 310, which in turn, is coupled to the PCIXCAP pin or 
pins of one or more of the PCI devices (not shown). It will be 
understood to one skilled in the art that communication link 
310 can be configured as a component of a PCI bus. 

Comparator 305 is coupled to multiplexer 315. Multiplexer 
315 is a circuit or circuits or other suitable logic, and is 
configured as a multiplexer. In a particular embodiment, mul 
tiplexer 315 is coupled to a PCIXCAP sampling-done indi 
cator (not shown), through communication link 320. In par 
ticular, multiplexer 315 is configured to receive two inputs 
and, based on the PCIXCAP sampling-done indicator signal, 
to output one of the two received inputs. As described in more 
detail below, the two inputs to multiplexer 315 are the output 
of comparator 305 and the output of flip-flop 325. Generally, 
the PCIXCAP sampling-done indicator is configured to gen 
erate a PCIXCAP sampling-done signal indicating whether 
sampling of the PCIXCAP pins in the system has been com 
pleted. In a particular embodiment, the PCIXCAP sampling 
done indicator signal is at a logic Zero when the PCIXCAP 
sampling is not complete, or is otherwise in progress. Thus, 
when the PCIXCAP sampling-done indicator signal is at a 
logic Zero, multiplexer 315 selects the output of comparator 
305 for output. When the PCIXCAP sampling-done indicator 
signal is at a logic one, multiplexer 315 selects the output of 
flip-flop 325 for output. Thus, when the PCIXCAP sampling 
done indicator signal is at a logic low, the output of compara 
tor 305 is passed to flip-flop 325 through multiplexer 315. 
When the PCIXCAP pinsampling is complete, the PCIXCAP 
sampling-done indicator signal is at a logic high, and the 
output of flip-flop 325 is returned as input, through multi 
plexer 315. 

Multiplexer 315 is coupled to flip-flop.325. Flip-flop 325 is 
a circuit or circuits or other Suitable logic, and is configured as 
a flip-flop. In a particular embodiment, flip-flop 325 receives 
input from multiplexer 315 and a clock signal, and provides 
output to a multiplexer 330 through communication link327. 
In a particular embodiment, flip-flop 325 is configured to 
receive a PCI clock signal. In an alternate embodiment, flip 
flop 325 is configured to receive a system clock signal. It will 
be understood to one skilled in the art that other configura 
tions can also be employed. Generally, flip-flop 325 is con 
figured to receive an input, and to provide received input to or 
through communications link 327 based on received clock 
signals. In particular embodiment, flip-flop 325 is configured 
as a flip-flop and is configured to receive input in one clock 
cycle, and to transmit received input in a Subsequent clock 
cycle. It will be understood to one skilled in the art, that other 
configurations can also be employed. 

Vio circuit 300 includes multiplexer 330. Multiplexer 330 
is coupled to flip-flop 325 and a counter 340. Multiplexer 330 
is a circuit or circuits or other Suitable logic, and is configured 
as a multiplexer. In a particular embodiment, multiplexer 330 
is configured to receive a select signal from counter 340 and 
input from flip-flop 325 and flip-flop 335, through flip-flop 
335 output communications link 345. Thus, in particular 
embodiment, where the multiplexer select signal received 
from counter 340 is at a logic high, or logic one, multiplexer 
330 selects the output of flip-flop 325 for output to flip-flop 
335. Similarly, when the multiplexer select signal is at a logic 
low, or logic Zero, multiplexer 330 selects the output of flip 
flop 335, through communication link 345, for output to 
flip-flop 335. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
Counter 340 is a circuit or circuits or other suitable logic 

and is configured to count through a predetermined number of 
clock cycles, and to deliver a multiplexer select signal to 
multiplexer 330 based on a predetermined number of clock 
cycles. In particular embodiment, counter 340 is configured 
to indicate a logic high multiplexer select signal to multi 
plexer 330 after 2n clock cycles, where “n” is a number of 
bits in counter 340. In a particular embodiment, “n” can be 
configured based on a predetermined minimum POR time. 
Counter 340 is also configured to receive a clock signal. In a 
particular embodiment, counter 340 is configured to receive a 
PCI clock signal. In an alternate embodiment, counter 340 is 
configured to receive a system clock signal. It will be under 
stood to one skilled in the art that other configurations can 
also be employed. 

Flip-flop 335 is coupled to multiplexer 330 and is a circuit 
or circuits or other Suitable logic, and is configured as a 
flip-flop. Flip-flop 335 is configured to receive input from 
multiplexer 330 and a clock signal. In one embodiment, flip 
flop 335 is configured to receive a PCI clock signal. In an 
alternate embodiment, flip-flop 335 is configured to receive a 
system clock signal. It will be understood to one skilled in the 
art, that other configurations can also be employed. Gener 
ally, flip-flop 335 is configured to receive an input, and to 
provide received input to or through communications link 
345 based on received clock signals. In particular embodi 
ment, flip-flop 335 is configured as a flip-flop and is config 
ured to receive input in one clock cycle, and to transmit 
received input in a Subsequent clock cycle. It will be under 
stood to one skilled in the art, that other configurations can 
also be employed. 

Generally, in operation, Vio circuit 300 is configured to 
receive input from the PCIXCAP pins of PCI devices coupled 
to the system, and to output a PCI-X mode indicator. Thus 
generally, it will be understood to one skilled in the art that 
PCI Vio circuit 300 is configured to incorporate an appropri 
ate settling time for one or more components of the system in 
which Vio circuit 300 is employed. 

Therefore, generally, the multiplexer select signal 320 is 
asserted, or otherwise at a logic high state, after the de 
assertion of a system POR signal, and generally indicates that 
the various settling time components and associated signals 
have stabilized. As used herein, “stabilized' means not vary 
ing by a significant amount over time. Thus, prior to de 
assertion of the system reset signal, multiplexer 315 receives 
the output from comparator 305, the voltage indicator signal, 
and outputs the PCI-X mode indicator signal to flip-flop 325. 
It will be understood to one skilled in the art that during the 
system reset, the PCIXCAP PCI-X mode indicator signals, 
and therefore the Voltage indicator signal, will typically fluc 
tuate before stabilizing, which typically occurs before asser 
tion of the PCIXCAP sampling-done indicator signal. 

Thus, during a POR reset, multiplexer 315 passes the volt 
age indicator signal, which will eventually stabilize, to flip 
flop 325. When the PCIXCAP sampling-done indicator sig 
nal is asserted, the output of flip-flop 325, the now-stable 
voltage indicator signal, will be looped back into flip-flop 325 
through multiplexer 315. As described above, counter 340 is 
configured to generate a multiplexer select pulse or signal at 
a logic high to multiplexer 330, which in turn selects the 
output of flip-flop 325 as the input to flip-flop 335. As 
described above, counter 340 can be configured to count 
through a predetermined number of clock cycles before gen 
erating the logic high multiplexer select signal, based on an 
anticipated settling time for one or more components of the 
system in which Vio circuit 300 is employed, or a total PCI 
bus reset time. 
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In a particular embodiment, the number of clock cycles 
through which counter 340 counts can be configured based on 
a tolerance of a Voltage regulator and a frequency of the PCI 
system clock. In a particular embodiment, the number of 
clock cycles can be based on a known predetermined mini 
mum time after a system reset at which the reference, or 
system, clock and/or system power are expected Stable, that 
is, a minimum time during which the external Voltage regu 
lator allows a voltage level to be stabilized before the voltage 
indicator signal enters the correct state. Therefore, oscillation 
or otherwise frequent changes in the Voltage indicator can be 
reduced. 

Furthermore, the total time of POR for Vio circuit 300 can 
be configured based on the minimum time after power-on 
after which the system clock and system power are stable, the 
minimum time after the Voltage indicator signal is stable after 
which the Voltage levels are stabilized by the external voltage 
regulator, and the digital filter delay introduced through 
counter 340. Thus, the proper voltage level for the PCI signals 
can be achieved before the system reset signal is deasserted. 

Accordingly, flip-flop 335 can be configured to maintain a 
Somewhat consistent output through communication link 
345, as multiplexer 330 is configured to return as input the 
output of a flip-flop 335 while the multiplexer select signal is 
at a logic low state. Accordingly, Vio circuit 300 can be 
configured to avoid or otherwise minimize frequent changes 
of the Voltage indicator signal during a power up, when the 
system and/or PCI clocks and other Voltages and/or signals 
are not yet stable. 

Referring now to FIG. 4 of the drawings, the reference 
numeral 400 generally designates a flow diagram depicting a 
method for generating a voltage indicator signal. For ease of 
illustration, the method described with respect to FIG. 4 will 
be described with respect to a PCI system such as, for 
example, PCI system 200 of FIG. 2. It will be understood to 
one skilled in the art the method can also be employed in other 
systems. 
The process begins at step 405, wherein a power-on reset 

(POR) signal is asserted. This step can be performed by 
system reset module 214 of host system 210 of FIG. 2. At next 
step 410, a PCI bus reset signal is asserted. This step can be 
performed by PCI reset module 254 of PCI hostbridge 220 of 
FIG. 2. At next step 415, a host bridge is initialized. This step 
can be performed by host system 210 initializing PCI host 
bridge 220 FIG. 2. It will be understood to one skilled in the 
art that step 415 can include various system reset or other 
commands. 
At next step 420, PCIXCAP pins are sampled. This step 

can be performed by PCIXCAP module 258, sampling the 
PCIXCAP pins of one or more PCI devices 230 coupled to 
PCI bus 224 of FIG. 2. At next step 425, a reference clock is 
stabilized. This step can be performed by PCI host bridge 220 
of FIG. 2, in particular, system clock module 246. This step 
can include identifying or otherwise determining that a sys 
tem clock signal of host system 210 has stabilized. At next 
step 430, a system power is stabilized. This step can be 
performed by PCI host bridge 220 of FIG. 2, in particular, 
system power module 244. This step can include identifying 
that a system power, as provided by System power module 
216, has stabilized. 
At next step 435, the PCIXCAP signals are stable. This step 

can be performed by PCI host bridge 220 and can include 
identifying or otherwise determining that the PCI-X mode 
select signals of PCI devices 230 coupled to PCI bus 224 have 
stabilized. At next step 440, the capabilities of add-in cards 
are detected. This step can be performed by PCI host bridge 
220 of FIG. 2, and can include identifying a PCI-X mode of 
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10 
operation, based on the PCIXCAP signals stabilized in step 
435. At next step 445, the voltage indicator signal is in a 
correct state. This step can be performed by Vio indicator 
module 260 of PCI host bridge 220 of FIG. 2. 
At next step 450, a Vio indicator signal is output, or other 

wise sent to a Voltage regulator. This step can be performed by 
Vio indicator module 260 sending a Voltage indicator signal 
to Vio regulator module 228 of FIG.2. At next step 455, a PCI 
clock signal is stabilized. This step can be performed by PCI 
clock module 250 of FIG. 2. At next step 460, a PCI clock 
frequency is detected. This step can be performed by PCI 
clock module 250, and can be based on the PCI clock signal 
of step 455. It will be understood to one skilled in the art that 
stabilization of a PCI clock signal and detecting the PCI clock 
frequency can be based on stabilization of a reference or 
system clock, as in step 425. At next step 465, the PLLs are 
locked to the PCI clock frequency detected in step 460. This 
step can be performed by PCI clock module 250 of FIG. 2. 
At next step 470, a Vio is stabilized. This step can be 

performed by Vio regulator 228 of FIG. 2. At next step 475, a 
PCI bus initialization pattern is generated. This step can be 
performed PCI host bridge 220. In a particular embodiment, 
this step is performed by PCI command module 256 of FIG. 
2. It will be understood to one skilled in the art that step 475 
can include driving one or more initialization patterns to PCI 
bus 224, and thereby to one or more PCI devices 230 coupled 
to PCI bus 224. 
At next step 480, the PCI add-in cards are initialized. In a 

particular embodiment, this step can include completion of 
one or more initialization sequences of the PCI devices 230 
coupled to PCI bus 224 of FIG. 2. At next step 485, the POR 
or system reset signal is de-asserted. This step can be per 
formed by host system 210 of FIG. 2. At next step 490, the 
PCI bus reset signal is de-asserted, and the process ends. This 
step can be performed by PCI reset module 254 of PCI host 
bridge 220 of FIG. 2. 

While the above steps have been described in a particular 
order, it will be understood to one skilled in the art that other 
steps can be included or particular steps omitted without 
departing from the spirit or scope of the present invention. 
Additionally, the steps can be performed in an order different 
than that described above. For example, it will be understood 
to one skilled in the art that stabilization of the Vio provided 
voltage (step 470) may occur before the PLLs are locked to 
the PCI clock frequency (step 465). It will be understood to 
one skilled in the art that other timing considerations can also 
be incorporated into the process. 
The particular embodiments disclosed above are illustra 

tive only, as the invention may be modified and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the benefit of the teachings herein. Further 
more, no limitations are intended to the details of construction 
or design herein shown, other than as described in the claims 
below. It is therefore evident that the particular embodiments 
disclosed above may be altered or modified and all such 
variations are considered within the scope and spirit of the 
invention. Accordingly, the protection sought herein is as set 
forth in the claims below. 
What is claimed is: 
1. A system, comprising: 
a peripheral component interconnect (PCI) host bridge 

configured to be coupled to a PCI bus, and to receive a 
system reset signal, to generate a PCI bus reset signal 
based on the received system reset signal, to detect a PCI 
operational mode of the PCI bus, and to generate a 
voltage indicator signal based on the detected PCI 
operational mode; and 
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a voltage regulator coupled to the PCI host bridge and 
configured to receive the Voltage indicator signal and to 
regulate a signaling Voltage for the PCI bus based on the 
voltage indicator signal, wherein the PCI host bridge is 
further configured to stabilize the Voltage regulator prior 
to a deassertion of the system reset signal. 

2. The system as recited in claim 1, wherein the PCI host 
bridge is further configured to sample a signal output of 
PCIXCAP pins of PCI devices coupled to the PCI bus, 
wherein the PCIXCAP pins indicate the PCI operational 
mode. 

3. The system as recited in claim 1, wherein the PCI opera 
tional mode is PCI-X Mode-1. 

4. The system as recited in claim 1, wherein the PCI opera 
tional mode is PCI-X Mode-2. 
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5. The system as recited in claim 1, wherein the signaling 

Voltage is configured for category-1 signals. 
6. The system as recited in claim 1, wherein the signaling 

voltage is 1.5 volts. 
7. The system as recited in claim 1, wherein the signaling 

voltage is 3.3 volts. 
8. The system as recited in claim 1, wherein the system 

reset signal is deasserted based on a predetermined power-on 
reset (POR) settling time, and wherein the predetermined 
POR settling time comprises a host system reference clock 
stabilization time and a host system reference Voltage stabi 
lization time. 


